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MARTIAN SURFACE MATERIALS

H. J. Moore, U.S. Ceol. Survey, Menlo Park, CA, 94025

Our knowledge of the physical properties of the surface m_terials on Mars

is very limited. 1. No experiments aboard the Viking Lenders were designed to

measure physical properties. 2. Orbital and Earth-based remote sensing

observations have measurement uncertainties, model dependent interpretations,

and different sensitivity scales and depths; large areas are sampled _ that

the physical properties of a number of components are integrated. 3. Some

materials have not been properly sampled or not sampled at all. 4. Relevant

laboratory data are incomplete. 5. Natural materials have variable physical

properties that may not be separable with the available data. Despite these

shortcomings, a semiquantitative appreciation for the physical proF_rties of

the surface materials and their global variations can be gained from the

lander and remote sensing observations.

Analyses of Lander data yield estimates of the mechanical properties of

the soilllke surface materials [1,2] and "best guess" estimates cab be made

for the remote sensing signatures of the soillike materials at the landing

sites [2,3]. Two soillike materials (blocky and crusty to cloddy) at the

landing sites appear to be strong and compatible with natural soils, but the

third (drift) presents a problem because it appears to be weak and unlike most

natural soils. Footpad 3 of Lander 1 penetrated blocky material a few

centimeters upon landing at about 2.4 m/s but footpad 2 penetrated 16.5 cm

into drift material. It is unclear whether drift material, a strong substrate

of blocky material, or buried rocks arrested the penetration of footpad 2

[2]. The friction angle for drift material (18!2.4°), estimated from the

limits of surface deformation in front the sampler for trenches in drift

material [1,2], is compatibl_ with lunar regolith simulants [4] that have bulk

densities about 800-900 kg/m J, but the estimated cohesions (1.6±[.2 kPa;

range: 0-3.7) are typically much larger. It is possible that the friction

angle has been underestimated [5] and the cohesions overestimated. Smaller

cohesions would be consistent with the lumpy appearance of the materials tn

the tailings of trenches, natural slope failures, and the stabilities of

trench walls in trenches of drift material [2]. The friction angles and

cohesions of the lunar regolith slmulants are direct functions of the bulk

densities [4]. If drift material is like the lunar regolith slmulant, a

friction qngle about 27 ° , a cohesion about 40 Pa, and a bulk density about

II00 kg/m _ is possible. This bulk density is the same as that of disturbed

drift material [61. Friction angles and cohesions between the extremes are

possible, but drift material remains relatively weak.

Drift material is fine grained [7] and powderlike [2]; it has a low bulk

density. Thus, the thermal inertia should be low and range from I to 3 X

I0-_ cgs units [8,9,10,2,3]. This range of thermal inertias is comparable to

those reported from orbital observations for vast regions on Mars such as

Tharsis [11,12]. Pow@ers and very porous rocks with bulk densities that range

from 800 to 1[00 kg/m _ should have relative dielectric constants that range

from about 1.8 to 2.2 [[3]. Normal reflectivltles of quasl-specular radar

echoes from the Tharsls region [14,15,16] suggest relative dielectric

constants in this range. Color reflectances vary but they are llke telescopic

bright areas [17,18]. Thus, significant thicknesses of powderlike surface

materials with physical properties similar to drift material are present on

Mars and probably pervasive in the Tharsis region.
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Crusty to cloddy mater_al is fine grained [19], reasonably strong, and
moderately dense (1400 kg/m J) with estimated friction angles of 34.5±4.7 °

[1,2]. These friction angles are compatible with those of natural dry loess

[20] and lunar regolith simulants [4] with moderate bulk densities. Cohesions

(1.1±0.8 kPa; range: 0-3.2) are less than those of the loess, but larger than

those of the lunar regollth simulants. Upon disruption, crusty to cloddy

material breaks into thin crusts and prismatic clods, suggesting that the

material is cemented. The effect of cementation on thermal inertias is not

understood, but cementation should increase thermal inertias [2_]. The

thermal inertia has been estimated to be about 5.6 to 6.3 X 10 cgs units
J

[2,3], using Orbiter thermal [22] and Lander data and theory [23]. These

inertias are near the principal modal values for the bulk and fine component

thermal inertias determined from Orbiter thermal data [11,12]. The relative

dielectric constant of this material should be about 2.8 [3] and comparable to

the 3.0 inferred from average normal reflectivltles of quasi-specular radar

echoes from Mars [14]. Although color reflectances vary, they resemble

telescopic bright regions [17,18]. Thus, it appears likely that soillike

materials similar to crusty to cloddy material are typical for Mars.

Blocky material is also strong, cemented, and possibly moderately

dense. Upon disruption, it forms centimeter-size clods that are more coherent

than those of crusty to cloddy material [2]. The friction angles (30.8±2.4 ° )

are comparable to natural dry loess [20]. Cohesions (5.1±2.7 kPa; range: 2.2-

10.6) are typically smaller than those of the loess ( > I0 kPa) but larger than

those of the lunar regolith simulants (40-100 Pa) for the same friction

angles. The thermal inertia has been estimated to be about 8.2 to 9.3 X
I0-- cgs units [2,3]. The relative dielectric constant should be about 3.3

[31. Color reflectances are similar to drift material [171. Thus, it appears

likely that soillike materials similar to blocky material are common on Mars.

Surface and near-surface rocks are probably abundant. About 19% of the

surface at the Lander 2 site is covered by rocks (>0.04 m) [31. Assuming
that entire rock populations have effective thermal Inertias of 30 X I0-Jcgs

units, 20!I0% and 15±5% of the Lander 2 and I sites, respectively, are covered

by rocks; the modal coverage is 6% and the range from I to 30% [24]. 12.6-cm

depolarized echoes imply considerable variations in areal coverage by

wavelength-size (0.08-0.76 m) rocks and similar roughness elements at and near

the surface [13,14,25]; globally, the smallest area covered by rocks is about

3%, the greatest about 76%, and commonly about 4% [25]. Rocks on the surface

were never sampled by the landers [2], but they should be llke terrestrial

rocks with friction angles about 60 °. cohesions measuring in MPa, thermal

inertias ranging from 30 to 60 X 10-] cgs units (depending chiefly on their

size), and relative dielectric constants ranging from about 8 to 9 [13].

Color reflectances of rock surfaces vary: some resemble telescopic dark

regions and unoxidized basaltic andeslte coated with about 30/_m of

palagonlte, others telescopic bright regions and palagonite, and still others

local "soils" [17,18]. Rare rock fragments resemble mafic rocks [26].

The physical properties of martian surface materials vary with

location. Successful interpretations of these properties will require the

combined use of as much available information as possible such as lander,

thermal inertia, radar, albedo-color, and, especially, high-resolution imaging

data on Mars.

42



REFERENCES: [[] Moore, H.J., et al., 1982, A summary of Viking sa_p!e-trench

analyses for angles of internal friction and cohesions: J. Geophys. Res., v.

87, p. 10,043-10,050. [21 Moore, H.J., et al., 1987, Physical properties of

the surface materials of the Viking landing sites on Mars: U.S.G.S. Prof.

Paper 1389, 222 p., 2 plates. [3] Moore, H.J., and Jakosky, B.M., Viking

landing sites, remote sensing observations, and physical properties of martian

surface materials: submitted to Icarus. [4] Mitchell, J.K., et al., 1972,

Mechanical properties of lunar soil: Density, porosity, cohesion, and angle of

Internal friction: Proc. 3rd Lunar Sci. Conf., Sup. 3, Geochim. et Cosmochim.

Acta, v. 3, p. 3235-3253. [5] Scott, R.F., 1982, Soll mechanics tests with

Viking Surface Sampler: Unpublished report, Div. Engr. and Appl. Sci., Soil

Mech. Lab., Calif. Inst. of Technology, Pasadena, CA, 58 p. [6] Clark, B.C.

III, et al., 1977, The Viking X-ray fluorescence experiment: Analytical

methods and early results: J. Geophys. Res., v. 82, p. 4577-4594. 17] Ballou,

E.V., et al., 1978, Chemical interpretation of Viking Lander I llfe detectioll

experiment: Nature, v. 271, no. 5646, p. 644-645. [8] Wechsler, A.E., and

Glaser, P.E., 1965, Pressure effects on postulated lunar materials: Icarus, v.

4, p. 335-352. [9] Wechsler, A.E., et al., 1972, Thermal properties of

granulated materials: Astronautics and Aeronautics, v. 28, p. 215-241. [I0]

Fountain, J.A., and West, E.A., 1970, Thermal conductivity of particulate

basalt as a function of density in simulated lunar and martian environments:

J. Geophys. Res., v. 75, p. 4063-4069. [11] Palluconi, F.D., and Kieffer,

H.H., [981, Thermal inertia mapping of Mars from 60 ° S to 60 ° N: Icarus, v.

45, p. 415-426. [12] Christensen, P.R., 1986, Regional dust deposits on Mars:

Physical properties, age and history: J. Geophys. Res., v. 91, p. 3533-3545.

[13] Campbell, M.J. and Ulrlchs, J., 1969, Electrical properties of rocks and

their significance for lunar radar observations: J. Geophys. Res., v. 74, p.

5867-5881. [14] Downs, G.S., et al., 1975, Radar measurements of martian

topography and surface properties: The 1971 and 1973 oppositions: Icarus, v.

26, p. 273-312. [15] Harmon, J.K., and Ostro, S.J., 1985, Mars: Dual-

polarization radar observations with extended coverage: Icarus, v. 62, p. II0-

128. [16] Harmon, J.K., et al., 1982, Dual-polarlzation radar observations of

Mars: Tharsls and environs: Icarus, v. 52, p. 171-187. [17] Guinness, E.A.,

et al., 1987, On the spectral reflectance properties of materials exposed at

the Viking landing sites: J. Geophys. Res., v. 92, p. E575-E587. [18]

Arvidson, R.E., et al., 1988, The martian surface as imaged, sampled, a_d

analyzed by the Viking Landers: submitted to Revs. Geophys., 48 p., 14 figs.

[19] Oyama, V.l., and Berdahl, B.J., 1977, The Viking Gas Exchange Experiment

results from Chryse and Utopia surface samples: J. Geophys. Res., v. 82, p.

4669-6676. [20] Gibbs, H.J., et al., 1961, Shear strength of cohesive soils:

A.S.C.E. Res. Conf. (6/60), Boulder, CO, p. 33-162. [21] Jakosky, B.M. and

Christensen, P.R., 1986, Global duricrust on Mars: Analysis of remote-sensing

data: J. Geophys. Res., v. 91, p. 3547-3559. [22] Kieffer, H.H., 1976, Soil

and surface temperatures at the Viking landing sites: Science, v. 194, no.

4271, p. 1344-1346. [23] Kleffer, H.H., et al., 1977, Thermal and albedo

mapping of Mars during the Viking Primary Mission: J. Geophys. Res., v. 82, p.

4249-4291. [24] Chrlstensen, P.R., [986, The spatial distribution of rocks on

Mars: Icarus, v. 68, p. 217-238. [25] Thompson, T.W. and Moore, H.J., [989,

A model for depolarized radar echoes from Mars: Proc. 19th Lunar and Planet.

Sci. Conf., in press. [26] Dale-Bannlster, M.A., et al., 1988, On the

presence of unweathered lithic fragments In Viking Lander 1 soil: Abstracts

Lunar and Planet. Sci. XIX, p. 239-240.

43


